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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OP HARVARD UNIVERSITY] 

Naphthoquinone Antimalarials. XXVI.1 Thioether Naphthoquinones2 

B Y CARL M. M O S E R 3 - 4 AND M A R V I N PAULSHOCK6 

Previous communications6 on the use of 2-
alkyl-3-hydroxy-l,4-naphthoquinones as anti
malarial drugs have shown tha t quinones with a 
hydrocarbon side chain suffer rapid metabolic 
degradation to less active compounds. When the 
side chain contains a hydroxyl group, quinones 
of reasonable potency and stability can be ob
tained. For example, lapinone (I)6 a exhibits 

O 

Cf 
-(CH2)sC— (C6H14-M)2 

])—OH OH 

potentialities as a chemotherapeutic agent against 
Plasmodium vivax. 

I t seemed of interest to synthesize other naph
thoquinones with a hetero a tom in the side chain. 
This paper reports the results of efforts to syn
thesize hydroxynaphthoquinones t ha t contain 
the thioether s tructure in the side chain; a 
summary of the biological activity as determined 
by in vitro assay is included. 

Thioether sulfur was introduced into the side 
chain by two general methods : (1) condensa
tion of a haloalkyl hydroxynaphthoquinone with 
a mercaptan or thiophenol in the presence of base; 
(2) addition of mercaptan or thiophenol to a 2-
alkenyl-3-hydroxy-l,4-naphthoquinone. An al
ternate route to thioether quinones might consist 
in the alkylation of lawsone with peroxides pre
pared from aryl-(or alkyl)-mercapto acids. How
ever, a t t empts to prepare a peroxide from p-
chlorophenylmercaptoacetie acid7 failed. 

2-w-Haloalkyl-3-hydroxy-l ,4-naphthoquinones 
I I O = 2, 3, 4, 7, 8 and 10) (X = Cl or Br) 
were prepared by the alkylation8,9 of lawsone 
(2-hydroxy-l,4-naphthoquinone) with a peroxide 
prepared from an co-halo acid. The chloroquinone 
I I (« = 2, X = Cl) was obtained in low yield 

(1) For the previous paper in this series see Paulshock and Moser, 
T H I S JOURNAL, 72, S073 (1950). 

(2) This paper represents a part of the dissertations submitted by 
the authors in partial fulfillment of the requirements for the degree 
Doctor of Philosophy to the Faculty of Arts and Sciences, Harvard 
University, May, 1948. 

(3) Eastman Kodak Fellow, 1947-1948. 
(4) Department of Chemistry, The Johns Hopkins University, 

Baltimore 18, Maryland. 
(5) Grasselli Chemicals Department, Experimental Station, E. I. 

du Pont de Nemours and Co., Wilmington, Delaware. 
(6) Fieser, Leffler, and co-workers, T H I S JOURNAL, 70, 3153 (1948) 

and succeeding papers. 
(6a) Fawaz and Fieser, ibid., 72, 996 (1950). 
(7) We are indebted to the Cooper Union, New York City, for a 

supply of this compound. 
(8) Fieser and Oxford, T H I S JOURNAL, 64, 2060 (1942). 
(9) Fieser, Leffler, and co-workers, ibid., 70, 3206 (1948). 

-(CHo)nX 

—OH 

by this method, bu t i t could be purified only with 
considerable loss. At tempts to prepare this 
chloroquinone by the addition of hydrochloric 
acid to 2-vinyl-3-hydroxy-l,4-naphthoquinone 

were fruitless. The addition of hydro

peroxide 
HBr —' >• 

IV 

— (CH2)3Br 

-Br 

bromic acid to IV in the presence of peroxide 
resulted in the formation of a dibromo naptho-
quinone t ha t is probably V. 

The preparation of thioethers from the halo-
quinones I I in = 0 , u 4, 7, 8 and 10) and VI 
(X = Cl)12 was smoothly carried out by con-

O 

- C H 2 C H - C H 3 

- O H X 

VI 

densation of the quinone in methanol solution 
with a mercaptan or thiophenol in the presence of 
base. The haloquinone I I in = 3, X = Cl) 
reacted very rapidly with base to form the 
chromane quinone VII . 1 3 

Previous work in this Laboratory1 4 had indi
cated tha t it was not possible to prepare I I (« = 1, 
X = Cl) by the alkylation of lawsone with the 
peroxide prepared from chloroacetic acid. Thio
ethers I I (n = 1, X = SR) were prepared by the 

(10) Hooker, ibid., «8, 1179 (1936). 
(11) Diel and Merz, Ber., 11, 1066 (1878). 
(12) Fieser, T H I S JOURNAL, 48, 3201 (1936). 
(13) Cf. the cyclization of chlorohydrolapachol to a-lapacbone, 

Hooker, J. Chem. Soc, 61, 611 (1892); 69, 1355 (1896). 
(14) Mao-i Wu, Ph.D. Dissertation, Radcliffe College, 1942. 



5420 CARL M. MOSER AND MARVIN PAULSHOCK Vol. 72 

II in = 3, X = Cl) 
OH-

V V 7 N y 
O 

VII 

condensation of lawsone with formaldehyde and 
a thiophenol or mercaptan. The product from 
this reaction is assigned the structure II [n = 1, 
X = SR) rather than the isomeric structure VIII 

O SH 

VvV 

V 
-CH,-

-OH 

VIII 

.,> 

on the following grounds: (1) potentiometric 
titration indicates that the quinone is mono
basic; (2) the condensation with an aliphatic 
mercaptan proceeds under the same condi
tions to give apparently the same type of prod
uct as with a thiophenol; (3) reductive acet-
ylation gave a compound whose composition 
more closely corresponds to a tri- rather than a 
tetraacetate. This condensation is analogous 
to the Mannich reaction15 that has been carried 
out with lawsone, aldehydes and amines.16 From 
the results of a few preliminary experiments it 
appears that phthiocol (2-methyl-3-hydroxy-l,4-
naphthoquinone) cannot replace lawsone and 
the benzaldehyde cannot be used in place of 
formaldehyde in the condensation with thiols. 

The addition of mercaptans or thiophenols to 
olefins has often been a useful method for the 
preparation of thioethers.17 This method has 
proved to be satisfactory with some alkenyl 
hydroxynaphthoquinones. Addition of mer
captans and thiophenols to IV takes place under 
specific reaction conditions. Addition does not 

O 

benzoyl 
I V + R S H > 

peroxide 

take place in methanol or ethanol solution even 
in the presence of benzoyl peroxide. Addition 
products were obtained in fair yield by reaction 
in warm acetic acid solution catalyzed by a small 
amount of benzoyl peroxide. The structure II 
follows from the observation that the thioethers 
are isomeric with, but different from, the thio-

(15) Blicke, "Organic Reactions," Vol. I1 p. 303, 1942. 
(16) (a) Leffler and Hathaway, T H I S JOURNAL, 70, 3222 (1948); 

(b) Dalgleish, ibid., Tl, 1697 (1949). 
(17) Connor, in Gilman's "Organic Chemistry," Vol. I, p. 835, 

1943. 

ethers VI (X = SR). A dihydrotriacetate could 
be readilv obtained from IX. 

•CH2CH=CfCH3)2 peroxide 
I + RSH > 

V - O H 

H 

, " - C H 2 C H - C ( C H 3 ) ! 

I I 
J - O H SR 

(CH2)2C(CH3)2 

I—OH SR 

XII 

The addition of mercaptans to lapachol (X) 
proved to be interesting. A priori the structure 
of the product might correspond either to XI 
or XII . From the results of previous investiga
tions18 the prediction could be made that addition 
should take place in a manner contrary to Mark-
ownikoff's rule. The weight of evidence in this 
instance favors XI I over XI . The peroxide 
catalyzed addition of £-chlorothiophenol to iso-
lapachol (XIII) yields an addition product iso
meric with, but different from, the product 

—CH=CH—CH(CH 3 ) 2 

—OH 

XI I I 

ci—c. 
peroxide 

- S H > 

H 
I 

C H 2 - C - C ( C H 3 ) * 

OH S-

XIV 

S—<^__J>—Cl 

C H - C H 2 C H ( C H 3 ) , 

OH 

XV 

(IS) Cunneen, J. Chtm. Soc, 36 (1947); Posner, Btr., 38, 646 
(1905); Ashworth and Burkhardt, / . Chtm. Soc, 1791 (1928). 
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obtained from lapachol and this mer-
captan. The structure of this addi
tion product is almost certainly XIV 
rather than XV. To support this 
contention it has been found that the 
product formed from the addition 
of ^-chlorothiophenol to the quinone 
XVI19 is identical with the quinone 

- C H = C H - C H 3 

—OH + 

XVI 

C i - < 
peroxide 

- S H *~ VI 

X = SC6H4Cl-^ 

prepared by condensation of VI 
(X = Cl) with the same mercaptan. 
By analogy the structure of the addi
tion product from isolapachol is estab
lished, and, therefore, the structure of 
the product obtained from lapachol 
has been reasonably well determined. 

Conditions could not be found for 
the addition of mercaptans to III. In
variably only tarry products resulted. 

Biological Activity.—The inhibition of the 
respiration of parasitized red blood cells drawn 
from a duck infected with P. lophurae20 has been 
found satisfactory for screening quinones for 
antimalarial activity.21 In Table II (Experi
mental section) the relative antirespiratory molar 
activity (the activity of quinone XVII is arbi-

O 

14 

12 

10 

fej 8 

6 

4 

2 

-

-

n-

- n=0 L 

n«i0 n = 10 
^ ^ ^ *_ * — * n = i o 

/ ' ' 
/ / 

• n=0 » n = 0 

I I I 

260 

Fig. 

weight. 

formula I I : -

X = SC6H4Cl-

320 440 500 380 

MoI. wt. 

1.—The variation of critical extraction values with molecular 

The value for n refers to the number of methylene groups in 

X SC6H5 . X — SCgH^iCxia-/*,' 

-OH 

XVII 

trarily set equal to unity) of the thioethers is 
listed. On the one hand, the quinones with 
shorter side chains (II, n = 0, 1, 3 and 4 , X = 
SR) are either completely inactive or possess 
only moderate activity. The same observation 
holds true for most of the branched chain quin
ones. On the other hand, the quinones with 
longer side chains (II, n = 10, X = SR) show 
rather high activity in the in vitro tests. 

This variation in activity can be accounted for 
on the basis of previous work in this Laboratory.22 

Effective drug action may be dependent upon a 
proper balance between lipophilic and hydro-
philic characteristics. This balance can be ex-

(19) Hooker, T H I S JOURNAL, 58, 1202 (1936). 
(20) Wendel, Federation Proc, 6, 406 (1946). 
(21) Fieser and Heymann, J. Biol. Chem., 176, 1363 (1948). 
(22) Fieser, Ettlinger and Fawaz, T H I S JOURNAL, 70, 3228 (1948). 

pressed by pE, the critical extraction value.22 

For maximum antimalarial activity the pE for 
several series of hydroxynaphthoquinones has 
been found to lie between 9.8 and 11.8. Figure 1 
shows a plot of pE vs. molecular weight for three 
series of thioethers. It will be seen that only the 
longer chain compounds possess a pE value in the 
desired range.23 

The thioethers were not extensively tested in 
duck assays, but there is the probability that thio
ether naphthoquinones are toxic. All of the 
ducks treated with quinone VI (X = SC6H6) died 
although the same dosage of other quinones was 
usually harmless.24 

Acknowledgment.—We wish to acknowledge 
our indebtedness to Professor Louis F. Fieser for 
his suggestion of this problem and for many 
helpful suggestions and stimulating discussions 
during the prosecution of this work. 

Experimental25 

2-(8'-Bromooctyl)-3-hydroxy-l,4-naphthoquinone (II, 
n = 8, X = Br). Procedure A.—The preparation of a 
peroxide from w-bromopelargonic acid28 proved to be 
troublesome. After the acid had been warmed with ex-

(23) Some of the pE values reported in this paper may appear to 
be low in comparison with the pE values previously reported (ref. 22) 
for quinones of comparable molecular weight; the reasons for this 
are not entirely clear at the present time. The average deviation 
from the mean of the values obtained in this investigation is =t0.2 
pE unit; previously (ref. 22) the a. d. has been reported to be 4-0.05 
pE unit. 

(24) Communication from Dr. A. P. Richardson. 
(25) All melting points are corrected. 
(26) Hunsdiecker, Ber., 75, 291 (1942). 
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TABLE I 

2 - H A L O A L K V I , - 3 - H Y n R O X V - l , 4 - N A l ' i r n i O 0 t " I \ O . \ ' I ' 

2 .Subst i tueut 

-(CHj)10Br" 
-(CH2)8Br 
-(CHo)7Br 
-(CHo)4Cl 
-(CHo)3Cl 
~(CH,),C1 
-Br" 

P r o c e d u r e 

A 
A 
A 
B 
B 
B 

M. p., 0 C . 

83,7-84. . 
69.5-70. 
86-88 

101-102 
128-129 
126-127 
203-204 

" Fieser, Leffler and co-workers 
yellow unless otherwise stated. ' 

Soh 'cn t 

5 Ligroin11 

5 Ligroin 
Ligroin 
Methanol 
Methanol 
Ligroin 
Ethanol 

, T H I S JOURNAL, 
1 Diel and Merz, 

F o r m -

Platekts 
Prisms 
Platelets 
Xeedles 
Needles 
Microcrystals 
Orange prisms 

Furmuia 

Cj8Ho1O3Br 
C17H19O3Br 
C14H13O3C1 

C13HnO3Cl 
C12H9O5Cl 

70, 3206 (1948). '" B. p. 90-120°. 
StY., 11, 1066 (1878). 

C; 
Calcd. 

59.19 
58.13 
63.51 
02.28 
00.90 

The 

- - - Analyses , % -
i rbun Hydro] 

F o u n d Calcd . 

59.40 
58.45 
63.34 
62.33 
61,07 

color of thcs 

5.80 
5,45 
4.95 
4.42 
3.83 

gen 
F o u n d 

5.98 
5.55 
5.19 
•1.55 
4.06 

e compounds is 

TABLE II 

2-J 

2-Subs t i t uen t 

-(CHi)Ii)HCeHs 
- (CH 2 )WSC 6 H 1 Cl-^ 
- (CH 2 ) IoSC 6 H 1 CH!- / . 
-(CH2)SSCsH1Cl-J) 
- (CH 2 )SSC 6 H 1 CH 3 - P 
- (CH 2 )SSCsHj 

-(CHs) 7SCsHs 
--(CHsi^SCeH.iCl-j) 
-(CHiO7SC6H1CHIi-I) 
- (CH2)ioSCioH2i-?2 
-(CHi)IoSCsH17-M 
- ( C H 2 ) sSCioH2i-» 
-ICH2)SSC8Hi7-I7 

-CH 2SCsH 4Cl-J) 
T r i a c e t a t e 
- C H 2 S C 6 H s 
- C H 2 S C 6 H 1 C H S - ; ) 

-CH 2 SCuH 2 9 -M 
- C H J C H ( C H 1 ) S C 6 H S 

- C H 2 C H ( C H S ) S C S H 1 C I - I ) 

--(CH2)3SCsH4ci-75 
T r i a c e t a t e 
-(CH2)SSCsHs 

- (CH 2 )SSCsH 1 CH 3 - J 
~(CH2)>SCsHi7-n 
- (C H2)JC(CH1)OSCaH1Cl-I) 
- ( C H 2 ) O C ( C H S ) 2 S C 6 H 1 C H J - / . 

- ( C H 2 J 2 C ( C H J ) 2 S C 6 H S 

- (CH 2 ) .C ( C H 1 J 2 S C W H O 1 - M 

- ( C H 2 ) 2 C ( C H . ) 2 S C I ! H J S - K 

- ( C H J ) 2 C ( C H J ) 2 S C 1 1 H 2 S - M 

- C H 2 C H ( S C S H 1 C I - J ) ) C H ( C H S ) 2 

- (CH2J1SCIiH1Cl-P 
- ICH 2J 1SC 6Hs 
-(CHi) 1SC 1H 1CHa-J) 
-SCsHiCl- j ) 
-SCsH1CHj-J) 
- S C s H 3 

-SCuH27-M 
-SCsHi7-K 

A.RYL-

Proced 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
D 
b 
V 
D 
D 
C 
C, E 
E 
b 
E 
K 
E 
E 
E 
E 
E 
E 
E 
E 
C 
C 
C 
C 
C 
C 
C 
C 

(ALKYL) -MF-RCAPTOALK YL-3-HYDROX). 

. M . p . , '-1C. 

80-81 
108-10!! 

9 8 . 5 - 9 9 
1 1 1 . 5 - 1 1 2 . 5 
104-105 

7 5 - 7 6 

89 -90 
1 1 5 . 5 - 1 1 6 . 5 
1 0 7 . 5 - 1 0 8 . 5 

79-80 
78-79 
80 . . 3 -81 .5 
6 9 . 5 - 7 0 , 5 

Solvent, 

M e O H 
Ligr." 
M e O H 
Ligr. 
M e O H 
M e O H 

M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
Ligr. 

172-173 E t O H - B z 
152-153 
137-138 
144-145 

8 2 - 8 3 
1 0 8 . 5 - 1 0 9 . 5 
124-125 
150-151 
144-145 
121-122 
135-136 

93-94 
119-120 
136-137 
1 28 -130 
129-130 
135-136 
129-131 
177-178 
127-128 
105-106 

98-99 
160-161 dec. 
158-159 dec. 
149-150 dec. 
6 5 - 6 6 
81-62 

M e O H 
M e O H 
M e O l I 
HAc 
M e O H 
M e O H 
E t O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
Ligr. 
Ligr . 
Ligr . 
M e O H 
M e O H 
M e O H 
HAc 
H A c 

Form 

Veil, prisms 
Yell, p la te le t s 
Or. p la te le t s 
Or.-yell , p la tes 
Veil, p r i sms 
Or. ndls . or 

yell, p la tes 
Or, ndls . 
Or. ndls, 
Or. ndls . 
Yell . ndls. 
Yell, ndls 
Yell . ndls. 
Yell. mils. 
Or, ndls , 
W hi t e pr isms 
Scarl , ndls 
Or. ndls . 
Veil. ndls . 
Yell, ndls, 
Or. ndls . 
Yell . ndls . 
W hi t e p r i sms 
Or, ndls. 
Yell ndls, 
Yell -or, pr isms 
Or,-yel l , p r i sms 
Or.-ye!!, pr isms 
Yell ndls 
Or.-veil plates 
Or, ndls. 
Yell. ndls . 
Yell, n r lK 
Yell, p r i sms 
Yell, pr isms 
YeU prisms 
Or, p la tes 
Or . - r e I . mils. 
R e d ndls . 
Red nd ls . 
Red ndls . 

' -1 ,-1-XAPHTHOQUINt)NES 

F o r m u l a 

C 2 6 H M O S S 

C J S H S S O J S C I 

C27Hs2O3S 
C S J H J S O J S C I 

C S S H M O S S 

C 2 IHaO 3 S 

C J I H 2 4 O J S 

C 2 J H 2 . J O J S C 1 

C24IIs6OsS 
C J O H J S O J S 

C25H12O3S 
C 2 8 H 4 2 O J S 

CJSHSBOSS 

C ] 7 H I 1 O J S C I 

C2JHi9OsSCl 
Ci-Hi2O3S 
C I S H U O J S 

CjsH.isOjS 
C I . H I D O J S 

CisHisOsSCl 
CisHisOsSCl 

CosHojOssei 
Ci.HioO-.S 
CioHisOsS 
C2IH28OiS 
CiiHmOjSCI 
C 2 2 H M O 3 S 

C 2 I H U O I S 

CjsHjsO.iS 
C 2 7 H W O I S 

C U H U O . S 

Cnl i i sOiSC! 
C 2 I ) H I 7 O J S C I 

C W H H O 1 S 

C 2 iH 2 2 0,S 
Ci .sH.OsSa 
Ci7IL2OsS 
C ,,HioOjS 
C2JHj2OjS 
C I S H 2 2 O S S 

— - — Analyses. % . 
C a r b o n H y d r o g e n 

Calcd. F o u n d Calcd. F o u n d 

7 3 , 9 0 
6 8 . 3 3 
7 4 . 2 8 
67 , 19 
7 3 . 5 0 
7 3 , 0 6 

7 2 . 6 0 
06 , 57 
7 3 , 0 6 
74 .02 
7 3 . 3 2 
7 3 . 3 2 
72 .51 
61 .73 
60, IB 
6 8 , 9 0 
6 9 . 5 9 
72 .07 
7 0 . 3 7 
63 60 
63. 60 
6 i . 66 
70 .31 
7 0 , 9 8 
69 96 
65 19 
7 2 , 1 0 
7 l ^ r,7 
7 2 , 0 7 
72 93 
7^), 68 
65 , 1.9 
04 , -16 
70, 9S 
7! .56 
« 0 . 0 8 
6 8 . 9 0 
IiS. 07 
7 1 . 1 1 
6 8 , 3 3 

" B. p . 90-100°. b Fieser, "Experiments in Organic Chemistry," D. C. Heath and Co., 
the determination of the relative antirespiratory activity of those quinones we are indebted 
Grace Nahtn. d Critical extraction constant. 

7 3 . 9 0 
6 8 , 5 5 
7 4 . 6 2 
6 7 . 2 9 
7 3 . 5 7 
72 79 

7 2 . 8 7 
6 6 , 6 5 
7 3 . 0 5 
7 4 . 1 0 
7 3 . 4 7 
7 3 . 5 8 
7 2 . 7 6 
6 1 . 9 0 
0 0 . 3 2 
0 8 , 6 7 
6 9 . 2 6 
7 2 , 1 6 
70 ,24 
6 3 . 5 8 
6 3 . 8 6 
6 i . 80 
70 .14 
7 0 , 8 0 
70 .11 
0 5 . 4 8 
72 .04 
7 1 , 3 1 
7 2 , 2 8 
7 3 , 15 
7 3 . n 
65 33 
64.7.5 
7 1 . 0 0 
7 1 , 8 2 
6 0 , 7 7 
0 8 . 7 0 
68 .21 
7 0 . 8 8 
6 8 . 6 3 

7, 16 
6. 4 1 
7 ,39 
5 ,87 
6 . 9 1 
6 , 6 4 

6 . 3 6 
5 .59 
6 .64 
9 . 5 3 
<). 24 
9 . 2 4 
8 . 8 9 
3 .35 
4 . 2 7 
4 . 0 8 
4 , 5 0 
S.71 
5 ,00 
4 . 2 1 
4 . 2 1 
4 , 70 
4 . 9 7 
5 36 
7 . 8 3 
4 95 
6 , 0 5 
5 .72 
8 . 7 1 
9 , 0 7 
9 . 3 8 
4 . 9 5 
4 . 6 0 
5 .36 
5 .72 
2 86 
3 . 9 9 
3 ,57 
8 .38 
7 . 0 1 

7 . 2 7 
6 , 5 8 
7 ,56 
5 .87 
6 .86 
6 .72 

6 . 5 9 
5 .84 
6 . 5 8 
9 . 5 8 
9 . 2 7 
9 . 4 3 
8 . 9 2 
3 . 5 8 
4 . 7 1 
4 . 2 5 
4 . 8 6 
8 .96 
5 .06 
3 . 9 9 
4 . 0 1 
4 . 7 4 
5 .19 
5 .44 
7 . 8 1 
5 .09 
5 ,83 
5 .82 
8 .82 
8 . 7 5 
9 . 1 0 
4 . 9 5 
4 . 6 0 
5 .64 
5 ,86 
2 . 9 1 
4 . 1 3 
3 .85 
8 . 7 1 
7 . 0 7 

R. A, 
A." 

7, 3 
4 . 9 
4 . 7 
2 . 7 
2 . 5 
1.05 

0 . 3 6 
0 . 5 1 
0 . 4 2 

nil 

nil 
nil 
nit 
0 . 6 5 
1.5 
nil 

nil 
nil 
0 . 2 0 
nil 
ni! 
nil 
0 . 066 
nil 
nil 
nil 
0 . 8 
0 . 4 2 
0 . 7 5 
0 09 
nil 
0 . 1 3 
nil 

pE'1 

1 1 . 8 
11 .8 
11 .7 
11 .7 
11 .6 
11 .2 

10 .9 
11 .4 
10 .9 

6 . 6 

5 . 6 
6 . 7 

8 .4 

8 . 9 5 
8 .6 
8 . 8 
4 . 1 
4 . 3 
4 . 0 

Boston, Mass., p. 399. ,: For 
to Miss ,Shirley Katz and Mrs. 

cess thionyl chloride for about an hour, dry benzene was 
added and the mixture evaporated to an oil under reduced 
pressure. The procedure was repeated, and then Xorit 
together with a small amount of benzene (about one-half 
of the original weight of acid used) was added, the suspen
sion heated for fifteen minutes and then filtered. A per
oxide was prepared by adding the benzene solution to a 
stirred, cold solution of sodium peroxide.27 The peroxide 

(27) Fieser, 1.enter 
(1948). 

workers . T i n s 70, 3 I 78 

was filtered, washed with water and dried. The alkyla-
tion of lawsone with this peroxide was carried out in warm 
acetic acid solution.2 ' The quinone was obtained (28% 
yield) as yellow prisms from ligroin (b. p . 90-1.20°), m. p . 
69.5-70.5°. 

2-y-Chloropropyl-3-hydroxy-l,4-naphthoquinone (II, n 
= 3, X = Cl). Procedure B.—A peroxide was prepared 
from y-chlorobutyryl chloride28 in ether solution according 
to the "hydrogen peroxide method" of Fieser, el al,a Al-

(28) I . ipp ami Casper , Ber., S8, 1013 (1925). 

Ci.sH.OsSa
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kylation of lawsone with the ethereal solution of peroxide 
was carried out in warm acetic acid solution.2 ' The 
quifione was obtained as brilliant yellow needles ( 4 1 % 
yield) from dilute methanol, m . p . 128-129°. 

2-7-BromoprOOTl"3-bromo-l ^-naphthoquinone (V).— 
The quinone IV (1 g.) was dissolved in 5 cc. of warm gla
cial acetic acid. Benzoyl peroxide (ca. 10 mg.) was 
added and then gaseous hydrogen bromide was bubbled 
into the solution for one minute. During this addition 
the solution became warm. After cooling, the flask was 
stoppered and allowed to remain at room temperature 
overnight. The solution was cooled in an ice-bath and 
25 cc. of 4 8 % hydrobromic acid was added. The dark 
black precipitate that formed was filtered and washed with 
water. Recrystallization of this material (0.35 g.) from 
ligroin (b . p . 90-100°) and a small amount of benzene 
(Norit) gave 0.25 g. of beautiful yellow needles, m . p . 
130-131°. This compound gives a pale orange color with 
alcoholic alkali tha t slowly changes to deep red on boiling 
for one minute. 

Ami™ Calcd. for Ci3Hi0O2Br2: C, 43.61; H , 2.82. 
Found: C, 43.70; H, 2.96. 

2-( lO'-Phenylmercaptodecyl) -3-hydroxy-l ^-naphtho
quinone (II, n = 10, X = C6H5). Procedure C.—A solu
tion of 2.3 g. (0.0059 mole) of I I {n = 10, X = Br) , 0.98 
g. (0.0089 mole) of thiophenol (Eastman Kodak Co. White 
Label) and 0.66 g. (0.0165 mole) of sodium hydroxide in 
25 cc. of 9 5 % methanol was refluxed under nitrogen for 
four hours. The red solution was acidified with concen
trated hydrochloric acid, and the yellow precipitate was 
extracted with ether. The ethereal solution was dried 
over "Dr ie r i te , " and the ether was removed in an air 
blast. The yellow residue was taken up in 100 cc. of hot 
methanol. On cooling, 1.9 g. (76%) of beautiful yellow 
prisms, m. p . 80-81°, crystallized. 

2,3-(S ,6-Dihydropyrano-2' ,3') -1,4-naphthoquinone 
(VII).—In an at tempt to prepare a thioether from the 
quinone II {n. = 3, X = Cl), 1 g. (0.004 mole) of the quin
one, 0.75 g. of ^-chlorothiophenol and 0.35 g. of sodium 
hydroxide in 50 cc. of 7 5 % ethanol solution was refmxed 
in a nitrogen atmosphere for three hours. Upon acidifi
cation there was obtained an oil tha t was taken up in 
ether, the ether evaporated, and the residue dissolved in 
hot ligroin (b. p . 90-120 °). On cooling, 350 mg. of yellow 
needles, m. p . 216-218° was obtained. Recrystallization 

(29) We are indebted to Mrs. M. Reese and Miss S. Katz for the 
microanalyses reported in this paper. 

Recently quantum yields for the inactivation 
of enzymes, proteins and viruses have appeared 
in the literature.2,3 The apparent relationship 
between quantum yields ($) and molecular 
weights (M) is given roughly by 

$ = QM-1/' (1) 

where Q is a constant.4 In this laboratory we have 
begun investigating factors which may influence 
the value of $ for a given protein.6 The quantum 

(1) Fellow of the Monsanto Chemical Company, 1948-1949. 
(2) Landen, T H I S JoufcNAL, 68, 2465 (1940). 
(3) Mandl and McLaren, Arch. Biochtm., 21, 408 (1949). 
(4) McLaren, Acta Chim. Stand., 4, 386 (1950). 
(5) The literature up to 1949 has been summarized and reviewed 

from ligroin gave 280 mg. of yellow needles (31%), m. p . 
220-221°. This compound is not immediately soluble in 
dilute alkali, but oh shaking for two or three minutes the 
quinone does dissolve slowly to produce a red solution. 

Anal. Calcd. for Ci3H10O3: C, 72.89; H, 4 .71. 
Found: C, 72.66; H , 4.83. 

2-^-Chlorophenylmercaptomethyl-3-hydroaty-l,4-
naphthoquinone (II, n = 1, X = C6PLiCl-P). Procedure 
D.—A mixture of 2.5 g. (0.14 mole) of lawsone and 1.9 g. 
of £-chlorothiophenol was dissolved in 50 cc. of warm 
dioxane; 2 drops of 36% hydrochloric acid and 4 g. of 
37% formalin solution were added, and the dark solution 
was refluxed under nitrogen for an hour. The mixture 
was poured into 250 cc. of water, and the tarry precipitate 
that formed was taken up in ether. Evaporation of the 
ether left a gummy residue that was dissolved in warm 
methanol. On cooling 3.8 g. of brown needles, m. p . 162-
168° were deposited. One recrystallization from ethanol-
benzene (Norit) gave 3.0 g. (65%) of long orange needles, 
m. p . 172-173°. This compound gives an orange-red 
color in alcoholic alkali. 

2-(3 '-p-Chlorophenylmercapto) -propyl-3-hydroxy-l ,4-
naphthoquinone (II, n = 3, X = C6H4Cl-/)). Procedure 
E.—A mixture of 1.6 g. (0.0075 mole) of IV and 1.2 g. of 
£-chlorothiophenol was dissolved in 30 cc. of warm glacial 
acetic acid. A pinch of benzoyl peroxide was added, and 
the yellow solution was gently heated on the steam-bath 
for 2.5 hours, after which time the solution was red. The 
solution was poured into water, and the mixture was twice 
extracted with 30-cc. portions of ether. The ethereal 
extracts were combined and the ether evaporated. The 
yellow residue was crystallized from ethanol, and 1.1 g. 
of product, m. p . 146-148°, was obtained. One recrys
tallization from ethanol gave 0.9 g. (33%) of beautiful 
yellow needles, m. p . 150-151°. This compound gives a 
red color when a drop of alkali is added to a warm meth-
anolic solution. 

Summary 
Forty 2-aryl-(alkyl)-mercaptoalkyl-3-hydroxy-

1,4-naphthoquinones have been synthesized as 
potential antimalarial drugs. Some of these qui-
nones showed activity in in vitro assay, but it is 
probable that these compounds have a low thera
peutic index. 
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yield has been found to be dependent on hydrogen 
ion activity and wave length. As previously 
reported for chymotrypsin,6 $ is independent 
of intensity, the presence or absence of oxygen, 
and concentration in the range previously in
vestigated (2 X 10~8 to 8 X 10~9 mole per ml; 
the molecular weight has been taken as 41,000). 
Since the quantum yield for inactivation is not 
dependent on the presence or absence of oxygen 
by McLaren in "Advances in Enzymology," Interscience Publishers, 
Inc., New York, N. Y., 1948, Vol. IX, p. 75. The photochemistry of 
amino acids and peptides is also reviewed here. 

(6) Finielstein and McLaren, / . Polymer Sei., 4, 573 (1949). 
We wish to report a printer's error in this paper: the graph on p. 
078 is Fig. 2 and that on p. 577 is Fig. 3; ibid., 5, 267 (1950). 
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